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Abstract
The performance of a white clover based dairy system in comparison with a grass/fertiliser-
N system was studied during three years. Mixed swards of perennial ryegrass and white
clover were established successfully through reseeding or sodseeding. Both systems had 59
dairy cows and a milk quota of 450 tonnes per year. The allocated areas of 41 ha for the
grass/clover system and 34 ha for the grass/fertiliser-N system were based on an expected
yield difference of 15 to 20% in favour of the grass/fertiliser-N swards. The grassland man-
agement consisted of a rotational grazing system with one to three silage cuts per paddock,
depending on herbage growth.
The average white clover ground cover was 31, 30 and 26% in the three subsequent years,
but with a large variation between seasons and paddocks. Season, clover variety and sward
age x clover variety explained 28% of the variance in clover cover, but 72% remained unex-
plained.
Grass/clover and grass/fertiliser-N swards received 69 and 275 kg N ha- ' year-I, respec-
tively, including the inorganic N from applied cattle slurry, but excluding animal excreta
during grazing. The average annual net DM yield from grass/fertiliser-N swards was 10.8 t
ha- 1 and from grass/clover swards 10.1 t ha- ' . The yield difference occurred mainly in spring,
but was smaller than expected, causing a relative silage surplus for the grass/clover system.
The OMD of grass/clover was slightly, but consistently, higher than that of grass-only, while
the CP concentration of grass/clover was consistently higher from July onwards. It is con-
cluded that mixed swards of perennial ryegrass and white clover can function as a sound ba-
sis to produce good quality herbage for a dairy system.
Keywords: white clover, perennial ryegrass, dairy system, nitrogen, botanical composition,
sward utilisation
Introduction
From the 1950's onwards, dairy production systems in the Netherlands have become
increasingly dependent on imports of fertilisers and concentrates (Van der Meer,
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1994). Concurrently, until the early 1980's interest in white clover disappeared, both
in farm practice and, to a large extent, also in research. Since the middle of the
1980's developments such as the introduction of milk quota, a growing interest in or-
ganic farming and concern about nitrogen (N) losses (Aarts et al., 1992) have caused
a gradual decrease in the use of fertiliser N (Bussink & Oenema, 1998). In 1997, the
average amount of fertiliser N applied to grassland on specialised dairy farms was
252 kg ha-1 year-I (Anonymous, 1999a). To reduce the N losses, government policies
aim to reduce the annual N surpluses of dairy farms, according to the Mineral Ac-
counting System (MINAS), to a level of 180 kg ha-I for grassland by the year 2003
(Anonymous, 1997a; Anonymous, 1999b ). As the use of fertiliser N will gradually
be reduced, a greater reliance on white clover may be expected, especially since N
fixation by legumes does not have to be accounted for in MINAS so far.
Many studies with mixtures of perennial ryegrass (Lolium perenne L.) and white
clover (Trifolium repens L.) concentrated on agronomic aspects (e.g. Frame & New-
bould, 1986; Baker & Williams, 1987), animal nutritional aspects (e.g. Thomson,
1984; Beever & Thorp, 1996) or environmental aspects (Jarvis, 1992). Studies on
the entire white clover-based dairy system are scarce. System studies in the Nether-
lands have been restricted to organic farm types (Van Der Meer & Baan Hofman,
1989) and integrated farms (Lantinga & Van Bruchem, 1998). In other countries in
Northwest Europe, white clover-based systems have been compared to fertiliser N
based systems (Ryan, 1989; Weissbach & Ernst, 1994; Leach et al., 2000). The
white clover-based systems in these three studies carried 21 to 40% fewer cows per
ha and produced 16 to 40% less milk per ha than the fertiliser N based systems.
However, some aspects in these comparisons are not applicable to the Dutch situa-
tion, for instance the use of a two-sward system, a set-stocking grazing system or
relatively low yielding dairy cows.
The present experiment studied the performance of white clover in a conventional
Dutch dairy system, i.e. non-organic, with rotational grazing and cutting and a high
yielding dairy herd. The objectives were (i) to compare the agronomic, environmen-
tal and economic performance of a white clover-based dairy system with a moderate-
ly intensive grass/fertiliser-N system, (ii) to identify potential problems in the utili-
sation of white clover in dairying, and (iii) to design an agronomically, environmen-
tally and economically sound white clover-based dairy system.
This experiment is presented in two parts. This first paper focuses on sward utili-
sation and botanical composition, while a second paper (Schils et al., 2000) deals
with animal production and the overall system performance.
Materials and methods
Site
The experiment was conducted at the Waiboerhoeve experimental station at Lelystad
(52 0 N, 50 E). The soil was a young calcareous marine light clay, reclaimed from the
sea in 1957 and under grass since 1971. Until the start of the experiment, in 1990,
the site had been used for intensive dairying on perennial ryegrass dominated swards
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Table I. Soil characteristics of grass and grass/clover paddocks, determined in spring to a depth of 5 cm,
before the start and at the end of the experiment.
Grass/fertiliser-N Grass/clover
1989 1993 1989 1993
Sampled paddocks (n) 25 27 18 33
pH-KCI 7.0 7.0 7.1 7.0
Organic matter (%) 7.7 9.5 6.3 7.4
P-AL (mg P20 S 100 g-l soil) 28 57 28 40
K-HCI (mg K20 100 g-' soil) 46 55 48 55
with N application rates of 300 to 500 kg ha- 1 year!, including inorganic N from
slurry. Soil samples taken in 1989 (Table 1), showed that the top soil (0-5 cm) had a
sufficient phosphate status and a high potassium status (Anonymous, 1998b).
During the three experimental years, the April-September periods were generally
warmer and drier than average (Table 2). From October to March, temperatures were
higher as well, with the total precipitation surpluses ranging from 233 to 412 mm.
Sward establishment
On a total area of 40.6 ha, 33 paddocks were established with mixed swards of
perennial ryegrass and white clover between August 1988 and June 1991, with 7, 15,
10 and 1 paddocks being sown in 1988, 1989, 1990 and 1991, respectively (Table 3).
Approximately two thirds of the paddocks were ploughed, cultivated and sown suc-
cessfully with a seed mixture of 20 kg (diploid) or 30 kg (tetraploid) perennial rye-
grass and 5 kg white clover per ha. The other paddocks were direct-drilled, using a
disc type drill (Vredo), with 5 kg white clover seed per ha. The results of direct
drilling were very variable due to problems with drought, the high density of the old
sward and machine calibration. Therefore, paddocks had to direct-drilled 2.4 times
on average to obtain a satisfactory clover establishment. The composition of seed
mixtures of the old swards, sown around 1980, into which clover was direct-drilled
Table 2. Mean values of daily minimum, mean and maximum temperatures at De Bilt and total precipi-
tation surplus (precipitation - reference evaporation) at Swifterbant per period of six months (Anony-
mous,1990-1993).
April - September
Temperature (oq Surplus
(mm)
Min Mean Max
Average' 9.0 13.6 18.6 -35
1990/1991 9.0 14.4 19.4 -Ill
1991/1992 8.9 13.9 18.5 -41
1992/1993 10.5 15.2 20.1 -21
1 Average = 30 year mean 1961-1990
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October - March
Temperature (oq Surplus
(mm)
Min Mean Max
1.7 4.9 8.1 282
2.2 5.7 9.0 259
2.5 5.7 8.7 233
2.4 5.4 8.7 412
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Table 3. Number of paddocks (n) per sowing date, sowing method, perennial ryegrass varieties and
white clover varieties in the grass/clover system.
Sowing date n Sowing n Perennial ryegrass n White clover n
method varieties varieties
Aug 1988 7 Cultivated 21 Profit, Magella 11 Retor 21
Apr 1989 I Direct drill 12 Trani, Barlet 2 Alice 5
Jun 1989 4 Tresor, Parcour, Kerdion, Milkanova 2
Magella, Edgar 2
Aug 1989 10 Texas, Heraut, Magella 2 Menna
Mar 1990 I Profit, Phoenix 2 Retor, Alice, Pertina,
Merwi, Mi1kanova*
Apr 1990 3 Condesa, Madera 2 Alice, Pertina, Menna,
Retor* 3
Jun1990 2 Unknown 12
Jul 1990 2
Sep 1990 2
Jun 1991 1
* Paddocks were drilled two to three times with different clover mixtures
is unknown, but perennial ryegrass was the dominant component. This practice re-
sulted in a series of paddocks with a wide variation in sward age, sward composition,
perennial ryegrass variety and white clover variety at the start of the study.
In order to have similar sward ages in both systems, an approximately equivalent
proportion of the area was renewed on the grass/fertiliser-N farm. A total of 4, 7 and
4 paddocks were reseeded in 1988, 1989 and 1990, respectively. These paddocks
were ploughed and sown with 25 kg (diploid) or 40 kg (tetraploid) perennial rye-
grass of the same varieties as in the mixed swards.
Systems layout
The experiment consisted of a comparison between a grass/clover and grass/fertilis-
er-N dairy system, from May 1990 until April 1993 (Table 4). One farm manager ran
both herds, which were housed under one roof, but in independent units with sepa-
rated silage clamps and slurry storage facilities, cubicles, feeding passages and milk
tanks. A more extensive description of the farm buildings was given earlier (Schils
et al., 1995). Both systems had milk quota of 450 tonnes and were planned to be
self-supporting in silage production. As the dry matter (DM) yield of grass/clover
swards was expected to be 15 to 20% lower than that of grass fertilised with 300 kg
N ha-1 year-I, 41 and 34 ha were allocated to grass/clover and grass/fertiliser-N, re-
spectively. The grassland area was divided into 33 grass/clover and 27 grass/fertilis-
er-N paddocks with an average area of 1.25 ha.
Each spring, cattle slurry was applied with a shallow disk injector at a rate of
20 m3 ha-1• Some paddocks received a second application during summer. On
grass/clover swards, fertiliser N was only applied in spring at a rate of 20 kg ha- 1 in
1990 and 1991 on all paddocks, and in 1992 only on the paddocks planned to be cut
for silage. Grass/fertiliser-N swards received fertiliser N in 5 to 7 dressings, depend-
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Table 4. System layout of grass/fertiliser-Nand grass/clover dairy systems.
Milk quota (kg)
Pasture area (ha)
Dairy cows
Stocking rate! (LU ha-!)
Milk (103 ton ha-!)
Nitrogen application2 (kg ha-!)
Grass/fertiliser-N
450,000
34.4
59
2.2
13.1
300
Grass/clover
450,000
40.6
59
1.9
11.1
< 100
! LU = Livestock Unit: 0-1 year = 0.3, 1-2 year = 0.6 and cow = 1.0
2 including inorganic N from slurry
ing on the number of grazings and silage cuts. All paddocks received additional fer-
tiliser PzOs depending on available PzOs in the soil and the number of silage cuts.
Additional fertiliser KzO was not necessary because of the high KzO status of the
soil (Anonymous, 1998b).
A rotational grazing system was applied with planned grazing periods of two days
by dairy cows, followed by two days by young stock together with dry cows. Ideally,
dairy cows were turned into a paddock at a DM yield of approximately 1700 kg ha-1
above 5 cm. On many occasions throughout the experiment, target yields could not
be achieved, due to differences in expected and realised herbage growth. The first
priority was to have enough herbage for grazing, whilst surplus herbage was cut for
silage. Silage cuts were planned to be taken at a DM yield of 3500 kg ha-1 above 5
cm, and silage was wilted for about 24 hours to obtain a DM content of approximate-
ly 35 to 40%. Calves grazed on the aftermath of silage cuts.
Measurements and data analysis
Each year between January and March, soil samples were taken to a depth of 5 cm
and analysed for organic matter, pH-KCl, P-AL and K-HCl.
Between autumn 1990 and spring 1993, the botanical composition of the swards
was determined on eight occasions by a visual estimation of the ground cover of all
plant species in the whole field. Throughout the experiment, these observations were
carried out by the same person. A Residual Maximum Likelihood (REML) analysis
(Anonymous, 1998a) was carried out on the white clover ground cover, after logit
transformation (Log (X / (100 - X)).
A farm management system was used to record all events occurring on the pad-
docks, i.e. fertiliser use, grazing management, silage production and miscellaneous.
Slurry was sampled at the time of application, and subsequently analysed for DM,
NH3-N, total-N, PzOs and KzO. Each silage clamp was sampled and analysed for
DM, crude ash, crude fibre, crude protein and NH3, from which the organic matter
digestibility (OMD) was calculated (Anonymous, 1992). Prior to each grazing, the
herbage of five randomly selected paddocks per system was sampled by taking ap-
proximately 40 clippings per paddock at a stubble height of 4 to 5 cm, randomly dis-
tributed across the field. The 40 clippings were bulked into one sample of 500 to 750
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g fresh weight. The sample was split into two fractions. The first fraction was
analysed on OM, crude ash, crude fibre, crude protein, in vitro organic matter di-
gestibility (IVOMO), sodium, potassium, magnesium, calcium and phosphorus. The
second fraction was separated into white clover and other species. The separated
fractions were dried and the white clover content in the dry matter was assessed.
The net OM silage yield was determined by weighing and sampling every silage
load. The net DM yield under grazing was calculated from the number of grazing
days per ha, assuming that one grazing day equals a net OM yield of 14, 7 or 3.5 kg
for dairy cows, heifers or calves, respectively (Hijink & Meijer, 1987; Anonymous,
1997b).
Results
Sward composition
The average white clover ground cover of the grass/clover swards, determined in the
autumn of 1990,1991 and 1992 was 31, 30 and 26%, respectively (Figure I). The
white clover ground cover tended to be lowest in spring and highest in summer. The
perennial ryegrass ground cover decreased from 51 % in the autumn of 1990 to 37%
in the autumn of 1992. Meanwhile the ground cover of other species, such as rough-
stalked meadowgrass (Poa trivialis), annual meadowgrass (Poa annual and dande-
lion (Taraxacum officinale Web. s.l.) increased slightly. Although the average ground
cover of these species generally remained below 10%, some paddocks had a ground
cover of up to 30% of rough-stalked meadowgrass or annual meadowgrass, or up to
10% of dandelion.
The species ground cover showed a wide variation between paddocks. Variance
components analysis of the white clover ground cover showed that 28% of the varia-
tion could be explained by clover variety (P<O.OI), season (P<0.05) and sward age x
90
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While dover
Ground cover (%)
Perennial ryegrass Rough stalked meadowgfa5s Annual meadowgrass Dandelion
'0
o~....._-'-
90 91 92 93 90 91 92 93
Figure 1. Mean ground cover of the most important species, determined on the grass/clover swards in
spring (D), summer (.) or autumn (_); vertical line indicates range between minimum and maximum
cover.
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clover variety (P<O.OOl). The observed white clover ground cover of the paddocks
sown with variety Alice was 42, 51 and 52% in the autumn of the three subsequent
years, compared to 32, 27 and 25% for paddocks sown with Retor. Further attempts
to explain the variance by soil nutrient status, fertiliser applications, grass varieties
and grassland management were unsuccessful.
The swards on the grass/fertiliser-N farm were dominated by perennial ryegrass
(71%), with rough-stalked meadow grass (6%) and annual meadowgrass (4%) as the
main other species. The average perennial ryegrass ground cover decreased from
75% in the autumn of 1990 to 66% in the autumn of 1992.
Sward utilisation
Swards in the grass/fertiliser-N system received 275 kg N ha-1 yearl (Table 5), of
which 67 kg originated from slurry. Swards in the grass/clover system received 69
kg N ha-1 yearl , of which 52 kg came from slurry. There were no major differences
in slurry composition between the two systems and the average concentrations per
m3 slurry were 2.8 kg organic N, 2.1 kg inorganic N, 1.6 kg PzOs and 7.8 kg KzO. In
1990, newly sown grass/clover swards (autumn 1989/ spring 1990) received no N,
neither from inorganic fertiliser nor from slurry. Therefore, the annual N application
in 1990 was only 43 kg ha-1• The slurry surplus of 1990 was carried over to 1991, re-
sulting into an annual application of 91 kg ha-1 in that year. In order to improve the
low phosphate status (Table 1), the phosphate application was relatively high in the
first year. As there was no need for potassium fertiliser, the potassium application
reflects the amounts of slurry given each year. During the experiment, the phos-
phate, potassium and organic matter contents of the soil increased in both systems.
In each year, the dairy cows of both systems were turned out on the same day, in
the second week of April (Figure 2). In August of the first year and September and
October of the second year, a drought period caused a shortage of grass in the
grass/fertiliser-N system, during which the dairy cows were kept indoors at night
and supplemented with silage. Due to excessive rainfall in the third year, the cows in
both systems were kept indoors at night from September onwards, and again, were
supplemented with silage. The dairy cows were housed permanently in the last week
of October of the first and third year, and in the second week of November in the
second year. These events resulted in fewer grazing days (Table 5) and a higher
silage supplementation (Schils et al., 2000) in the grass/fertiliser-N system, espe-
cially in the summer and autumn of the first and second year.
Each grass/fertiliser-N paddock was grazed on average 4.9 times and each
grass/clover paddock 4.5 times a year, with an average grazing time for the dairy
cows of 1.6 and 1.4 days, respectively. The difference in grazing time is reflected in
the DM yield at grazing of the sampled paddocks, which was 0.2 t ha-1 higher on the
grass/fertiliser-N swards. During the grazing season, the DM yield at which cows
were turned in decreased from 2.3 to 1.5 t ha- l . The sampled paddocks showed a
higher crude protein concentration and IVOMD for herbage from grass/clover
swards than from grass/fertiliser-N swards. The crude protein concentrations were
mainly higher from July onwards, whilst the difference in IVOMD was consistent
throughout the grazing season. There were no major differences between herbage
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N Table 5. Fertiliser application, sward utilisation and herbage quality of grass/fertiliser-N and grass/clover swards, averaged over year and season. "\0 r--00
Mean Grass/Fertiliser-N Grass/Clover Grass/Fertiliser-N Grass/Clover ~
Cf.l
Grass / Grass / '90/ '911 '92/ '90/ '911 '92/ Start- July- Sep- Start- July- Sep- (j::I:
Fertil- Clover '91 '92 '93 '91 '92 '93 Jun Aug End Jun Aug End ?
iser-N .Cf.l
-l
Fertiliser and slurry
:-
c:l
application (kg ha-l) 0
Ninorganic 275 69 279 268 277 43 91 74 203 62 10 66 2 1 ><tIl
PZO, 116 112 137 109 102 138 98 100 91 17 8 85 22 5 .3:
KzO 250 193 227 237 287 93 253 233 230 13 7 184 7 2 ?"
Sward utilisation
Cf.l
~
Grazings per paddock 4.9 4.5 4.9 4.6 5.1 4.5 4.3 4.7 1.5 1.4 2 1.7 1.2 1.6 ~
Total grazing days (l03 LV) 14.75 15.34 14.17 15.09 14.99 15.32 15.76 14.95 5.72 4.95 4.07 5.8 5.23 4.31 tIl~~ Silage cuts per paddock 1.9 2.4 2.0 1.7 2.1 2.3 2.2 2.6 1.3 0.5 0.1 1.4 0.7 0.3 >-;;. Total silage yield (103 kg DM) 196 226 196 179 213 195 211 272 145 46 5 150 59 17 >-
'" Z....;;;-
Herbage at grazing 0;:, (;)1} DM yield at grazing (t ha-' ) 2.00 1.82 2.02 2.00 1.99 1.60 1.99 1.86 2.38 2.12 1.72 2.28 2.00 1.2
2;- Crude protein (g kg-I DM) 187 198 182 177 203 201 174 219 190 174 197 192 188 222 >-
t: Z.... IVOMD (g kg-1 0M) 766 785 751 767 780 773 791 791 797 750 738 814 775 760 0;:,
~ "m·~ Herbage at cutting::... DM yield al cUlling (I ha-' ) 2.9 2.4 2.9 3.1 3.0 2.1 2.4 2.6 3.2 2.7 1.5 2.6 2.1 1.4DQ.... Dry matter (g kg-I) 434 434 452 414 435 465 409 429 400 527 573 411 499 417;::;.
t: Crude protein (g kg-I DM) 168 178 175 157 171 172 177 186 169 162 185 170 192 201~.... OMD (g kg- 1 0M) 733 750 698 757 745 721 770 758 748 705 584 760 743 692~
~;;;.
;:,
"'"-l:..
00
>:lc::.c::.
-2
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• housed B restricted grazing o unrestricted grazing
C,ass,Idover ~;~::::::_:-:~'~~~~~;;;~~~~:::::~1990GrassifertiJiser.N
Crass/dover ~:E::::::::::.~~~~~~~~~~~~~~::::~1991Crasslfertiliser.N
Gras5ldover ~i~;;;;;~~~~~~~~~~~~~~~;;;;;~1992Grasslfertitiser-N
Jan Feb M., Ap' May Jun Jul Aug Sep Oct Nov Dec
Figure 2. Overview of periods during which the dairy cows were housed, grazed day and night-time
without supplementation of silage (unrestricted grazing) or grazed day·time with supplementation of
silage (restricted grazing).
from grass/ferliliser-N or grass/clover swards in the concentrations of sodium (1.0 g
kg DM~I), potassium (33.3 g kg DM~I), magnesium (1.7 g kg DM~I) and phosphorus
(4.2 g kg DM~I). The calcium concentration in grass/clover herbage was 9.2 g kg
DM~I, compared to 6.4 g kg DM~' in grass/fertiliser-N herbage.
The shortage of grass in the grass/fertiliser-N system is also reflected in the mean
lower total silage yield than in the grass/clover system, 196 compared to 226 t DM
year~l, respectively. The differences occurred in the second and third year, and main-
ly from July onwards. Grass/clover paddocks were cut 0.3 to 0.5 times per year more
often than grass/fertiliser-N paddocks. This was not only a result of the total higher
silage yield of grass/clover, but also of the lower DM yield per cut for grass/clover.
Although not planned, grass/clover paddocks were cut for silage at 2.4 t ha~l, com-
pared to 2.9 t ha~l for grass/fertiliser-N paddocks. Similar to the trend at grazing, the
DM yield at cutting decreased during the season. The average DM content of silages
was 43% in both systems. The average crude protein concentration and OMD of
grass/clover were higher than those of grass/fertiliser-No The difference in crude
protein concentration occurred from July onwards. The OMD of silage decreased
considerably during the season. Especially the silage in September had a poor quali-
ty.
The average annual net DM yield on grass/fertiliser-N was 10.6, 10.5 and 11.4 t
ha- ' in the three subsequent years, compared to 9.3, 9.9 and 11.1 t ha-
l on
grass/clover. The average yield deficit of 0.7 t DM ha-I year- l on grass/clover swards
occurred completely in the first part of the grazing season (Figure 3). From July on-
wards, grass/fertiliser-N and grass/clover swards showed similar DM yields.
The more frequent cutting of grass/clover resulted in a higher proportion of after-
math grazing for cows in the grass/clover system. Between July and October, 19% of
the grazings on grass/fertiliser-N was on aftermath compared to 37% on grass/clover
swards. Therefore, in that period grass/fertiliser-N paddocks had to be topped more
often to clean areas with rejected herbage, i.e. 1.1 times per paddock compared to
0.6 times per paddock in the grass/clover system.
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Figure 3. Average seasonal net DM yield during grazing (intake) and cutting (silage) for grass/fertiliser-
N (GIN) and grass/clover (G/C).
In both systems, young stock and dry cows grazed day and night from the last
week of April to the second or last week of November, while calves grazed from be-
tween the third week of Mayor second week of June until the third week of Septem-
ber or the third week of October.
Discussion
As biologically fixed N is the driving force for a clover-based system, the white
clover content in the sward has to be maintained at an appropriate level. Based on
four criteria, i.e. herbage yield, animal performance, bloat risk and N losses, Ptlim-
lin (1993) suggested an optimal annual clover content between 25 and 50%, for rota-
tional grazing systems without supplementation of dry forages. Although the aver-
age white clover ground cover was generally within these target values, there was a
substantial range between the lowest and highest values of clover ground cover. Al-
though some variation between years and seasons is inevitable, the variation between
paddocks could have been reduced by a more uniform variety choice. The poorer
performance of clover variety Retor compared to Alice, as shown in cutting experi-
ments by Elgersma & Schlepers (1997) and Baars et al. (1995), was confirmed by
the present experiment for a practical dairy husbandry situation. Experiences with
clover-based dairy systems in United Kingdom (Leach et at., 2000; Bax & Browne,
1995) and more recently in the Netherlands (Lantinga & Van Bruchem, 1998) sug-
gest that it is easier to maintain a more stable clover content in set-stocked grazing
systems than in rotational grazing systems.
Strategic N fertilisation in spring is essential to achieve early herbage growth
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(Frame & Boyd, 1987; Schils, 1997) and thus an early turn-out date for the dairy
cows. In the grass/clover system the bulk of inorganic N was applied through slurry,
and only 17 kg N ha-1 yearl was applied by inorganic fertiliser.
Despite the relatively low sugar and high protein concentrations of grass/clover
(Frame & Newbould, 1986), there was no evidence of a poor fermentation of
grass/clover silages. The silage DM content of 43% has probably caused higher field
losses in the grass/clover system. Experiments on the same site (Corporaal, 1993)
have shown that the average DM field losses were 8.8% for grass/clover silages and
3.9% for grass-only silages. Furthermore the losses of grass/clover increased from
2.9% at DM contents below 35% to 15.2% at DM contents higher than 50%, whilst
the losses of grass-only silages were almost unrelated to the DM content.
The results showed that the overall herbage quality of the grass/clover system re-
sembled that of the grass/fertiliser-N system. The crude protein concentration of
fresh and ensiled herbage was 6% higher in the grass/clover system and OMD was
2% higher. It is unclear whether the higher nutritive value can be attributed to clover
alone or whether it is also an effect of a lower DM yield per cut. The average DM
yields per cut were 9 and 17% lower in the grass/clover system for grazing and cut-
ting, respectively. S0egaard (1993) reported no difference in IVOMD when compar-
ing grass and white clover, cut at the same DM yield.
The applied stocking rate in the systems was based on the assumption that the
grass/clover swards would yield 15 to 20% less than the grass/fertiliser-N swards.
However, the realised DM yields of the grass/clover swards were only approximately
7% lower. Therefore, it can be put forward that the grass/clover system has been rel-
atively understocked in comparison to the grass/fertiliser-N system. Obviously, a di-
rect result was the silage shortage in the grass/fertiliser-N system and the silage sur-
plus in the grass/clover system. Less obvious, but perhaps more important are the
implications with respect to grassland management. In the understocked grass/clover
system, it was possible to achieve 2.4 silage cuts on a total of 6.9 cuts, while in the
overstocked grass/fertiliser-N system only 1.9 silage cuts were achieved on a total of
6.8 cuts. The higher cutting ratio might have stimulated clover content (Schils et ai.,
1999) and increased the proportion of aftermath grazing. If the grass/clover system
had been stocked to capacity, the performance of the system might have been poorer.
The grassland management on the grass/clover swards was not very different from
the grass/fertiliser-N swards. In both systems, the same principles were applied re-
garding grazing and cutting strategy, phosphate and potassium fertilisation and slur-
ry application. This similar approach makes it easier for farmers to adopt a
grass/clover system in phases, because there needs to be no difference in grassland
management on the existing grass-only swards and the newly established grass/
clover swards.
Conclusions
In a dairy farm system, mixed swards of perennial ryegrass and white clover had sat-
isfactory but highly variable clover contents in the swards. The variation in clover
was partly explained by season, clover variety and sward age x clover variety, but
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72% of the variation remained unexplained. The mixed swards, fertilised with 69 kg
inorganic N ha-1 year-I, produced 90 to 95% of the DM yield on grass-only swards,
fertilised with 275 kg inorganic N ha- l year-I. The OMD of grass/clover was margin-
ally, but consistently, higher than that of grass-only, whilst the CP concentration of
grass/clover was consistently higher than of grass-only from July onwards. Overall,
the experiment demonstrated that mixed swards of perennial ryegrass and white
clover can function as a sound basis to produce good quality herbage for a dairy sys-
tem.
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